INTRODUCTION
The genus Macrohaltica and the allied genus Altica have approximately 30 described species in Central America and perhaps 200 or more worldwide (R. White pers. comm.). Larvae and adults often feed on onagraceous and ericaceous plants (Scherer 1969 , Phillips 1977a , though other plants are also utilized (Woods 1918 , Balsbaugh and Hays 1972 , Phillips 1977a , Barstow and Gittins 1973 , LeSage 1990 . Some species of Macrohaltica are considered secondary pests of crops in Costa Rica (King and Saunders 1984) . Some species are difficult to distinguish morphologically (Phillips 1977b) , and both parthenogenesis and interspecific hybridization are known (Phillips 1977a (Phillips , 1979 .
This paper describes aspects of the natural history and behavior of a pair of species in the central highlands of Costa Rica, a metallic blue species M. jamaicensis (hereafter M. j.) , and an apparently undescribed metallic purple species (hereafter M. sp.). The beetles frequently attract attention because they aggregate, sometimes in masses of up to several thousand individuals. A second striking trait is that some aggregations include individuals of both species, and cross-specific male-female pairs are common in such aggregations.
MATERIALS AND METHODS
Observations were made over a span of nine years, during which time we saw many tens of thousands of beetles in the field, and raised thousands in captivity. The behavior of beetles in four aggregations was observed in detail:
Aggregation I-both species on Ludwigia octovalvis (Onagraceae) plants near San Antonio de Escazu, el. 1300 m, 27 Smithsonian Tropical Research Institute night all unmarked pairs of males and females were marked on the dorsal surface with airplane enamel (two spots for males, one for females). Unmarked solitary beetles were not marked.
Beetles were raised in captivity in San Jos6 with ambient temperatures and light cycles. Larvae were fed freshly cut leaves in petri dishes, and adults were fed either the same or kept in plastic bags on branches of potted food plants. When larvae ceased feeding and began wandering, they were placed in containers with soft soil where they could pupate.
Experiments on preferences for pupation substrates were performed as follows. An approximately cylindrical plastic cup (8.8 cm in diameter at the mouth) was placed in the center of an approximately cylindrical, larger plastic container (16.0 cm in diameter at the mouth). The cup was filled to the brim with one substrate and set in the center of the larger container, which was then filled to the brim of the cup with the other substrate. Larvae placed on the surface thus had access to both types of substrate (60.8 cm 2 of the substrate in the cup, 140.3 cm 2 of that in the larger container). Neither type of soil was compacted. After the larvae (30-40 per repetition) had disappeared underground, the smaller container was removed from the larger, and the numbers of adults reared from each were recorded. In replica experiments substrates in the larger and smaller containers were reversed.
Voucher specimens of adult beetles are deposited in the U. S. National Museum, the British Museum (Natural History), and the 1993] Eberhard, Achoy, Marin Unless noted otherwise, all statistical tests were two-tailed Chi squared tests. Averages are followed by one standard deviation.
RESULTS

Altitudinal Range
The altitudinal ranges of the two species differed. The highest and lowest sites at which we found M. sp. were approximately 2300 m on Cerro de la Muerte, and about 1000 m near San Rafael de Escazu; M. j. was absent at higher elevations, occurring from Psyche [Vol. 100 San Josecito de San Isidro de Heredia and above San Antonio de Escazu (both about 1400 m) to San Rafael de Escazu (1000 m).
Life Cycle
Both species were raised from egg to adult in captivity. Approximate durations of immature life stages were 5 days for the egg, 21 for the larva, and 14 for the pupa, but durations of the larval stage varied somewhat for both species on different host plants (Table 1) . The longest adult life in captivity was 94 days for a female M. j. (a F1 hybrid female lived 99 days). Eggs were about 1.2 mm long, oval in shape, and yellowish in color. They did not have the fecal streak found on the eggs of some Altica spp. (Woods 1917 , Phillips 1977a . Each egg was covered with a highly reticulate mesh of a white, somewhat extensible, adhesive material. When the egg was dry this covering gave it a white color. When a group of 50 newlylaid eggs (<24 hr old) was tasted, they produced a burning sensation similar to that of the larvae (below) but weaker.
Oviposition behavior of M. j. was observed in captivity. The female made repeated brief, apparently exploratory extensions of her genitalia against the substrate before ovipositing. The pair of coxites, which bear setae which are probably chemosensory and/or mechanosensory in function (Phillips 1978) , projected rearward beyond the tip of the ovipositor with each extension. (Woods 1917 (Woods , 1918 (Woods 1917 (Woods , 1918 . The length of 11 chambers (average 1.05+0.10 cm) was substantially greater than that of the pupae in these chambers (average 0.68_+0.02 cm).
Of 59 pupae of M. j., 56 faced more nearly upward than horizontal, 3 were more nearly horizontal than upward or downward, and 0 were more nearly downward. As in Altica spp. (Woods 1917 , 1918 , Barstow and Gittins 1973 , pupae were covered with stiff bristles, presumably to keep the body out of contact with the walls of the chamber. The especially large bristles at the tip of the abdomen might seem designed to support the pupa's weight, but similar enlarged bristles occur in Altica bimarginata, which lies on its dorsum as a pupa (Woods 1917). Young pupae were orange with black setae, while the legs and heads of M. j. pupae about to moult to adults were blue, and the abdomen was swollen and extended directly rearward instead of curling ventrally. The pupal cuticle ripped near the anterior end, and the adult pulled its antennae and legs free as movements of the abdomen pulled the cuticle posteriorly. After freeing itself from the cuticle, the adult beetle extended its hind wings, projecting them posteriorly and ventrally from under the clear elytra. Individuals in captivity (on moist paper towels) braced their middle and hind legs laterally during this stage. Presumably beetles in pupal chambers braced themselves in the upper end of the chamber, thus giving the hind wings room to expand in the lower portion of the chamber. This would explain why pupation chambers were longer than the pupae. Young adults remained underground at least briefly before emerging on the surface. Sex ratios were close to 50:50. (Waloff and Richards 1958) . Adult females may emerge from pupation with more reserves than males. Thus of 27 survivors of a group of 88 adult M. j. which emerged in a container with moist earth and were kept with no food for about 7 days, 3 were males and 24 females (p<0.001 compared with overall sex ratio).
Host Plants
As in many other alticines (Jolivet 1988) , both species were oligophagous. They fed on different but overlapping sets of host plants. Adult common in roadside ditches carrying effluents from houses in suburban and rural situations. Gunnera and Tabachina differ in being associated with well drained soils rather than swampy substrates, but grow in recently disturbed areas; Gunnera is associated with very high rainfall (Fernandez 1984 The nearly complete absence of M. sp. on L. hexapetala (3 of 5,000-10,000 beetles), and the complete absence of M. j. on G. insignis (0 of several 10's of thousands of beetles) is probably related to the relative inability of the larvae of these species to develop on these plants (Table 3 ). In contrast, F1 hybrid larvae matured successfully on both of these species (Table 3) . It appeared that G. insignis was more "difficult" for both beetle species as well as for hybrid larvae, as larval weight at maturity was lower for all crosses, and development times were longer (Table 1 , see also oviposition rates below). Lower larval weights did not, however, generally lead to higher pupal mortality, except in the extreme case of the few small M. j. raised on G. insignis (Table 3) .
Reproductive Behavior
Females in captivity began to oviposit several days after emerging above ground. Feeding on living rather than recently picked leaves, and in more humid conditions lowered the number of days between first copulation and first oviposition, and raised the rate of egg production during the first days of oviposition (Table 4) Eggs produced after a pair of copulations occurred before the first oviposition, then the female was isolated until day 20 when she was kept with a male for 3 days (horizontal bar) before being isolated again, c) Numbers of females ovipositing during the experiment described in b). d) Numbers of eggs laid during the experiment described in b). transferred a few hours after copulation (Eberhard and Kariko in prep.) , it was possible to deduce the number of times a female which had been kept captive with a male had been inseminated by counting the numbers of spermatophores in her petri dish. Pairs of M. j. mated more often than did M. sp. pairs (Table 5) . Interspecific crosses gave results typical of the males rather than females (Table 5) , so the differences between species were apparently due to differences between males.
Females probably mate with many different males in the field. The beetles in many pairs seen at night in Aggregation I separated in the morning. When 34 individually marked female M. j. and an Psyche [Vol. 100 Table 5 . Numbers of spermatophores found in petri dishes with different pairs of Macrohaltica beetles. Females were kept isolated from males for the first 9-10 days of their lives. Then each female was kept for 8-10 days with a given male ("first male"). After this time, the male was replaced with a male of the other species ("second male" equal number of males were placed in a cloth cage on a L. octovalvis plant and checked each evening (9-12 PM), the same male was riding the female in successive evenings in 16 cases, different males rode on successive evenings in 16 cases, a male was riding on one evening but the female was alone on the next in 16 cases, and a female was alone on one evening but paired on the next in 10 cases. The longest certain pairing was 3 days (since marks were rapidly lost, some cases were uncertain).
A single spermatophore represents only about 1% of the male's weight (Eberhard and Kariko in prep.) , and spermatophores were apparently not especially costly for males. When males were kept without food they continued to produce substantial numbers of spermatophores. Fifteen male M. j. were kept in a separate cage for at least 14 days on a branch of a potted L. octovalvis. During this period each male participated in 0-8 matings, during which he spent 2-6 hours with a female in a petri dish with a moist paper towel, and was then returned to plant. Each male was then placed with a virgin, 7-21 day-old female in a petri dish with a moist 1993] Eberhard, Achoy, Marin & Ugalde 107 paper towel but without food for three days. The number of spermatophores found at the end of the first day (av. 2.9+0.9) did not differ significantly from that at the end of the second (av. 3.1+1.0). The number decreased slightly on the third day to an average of 2.4+0.7, which was similar to rates of spermatophore production when field-caught males were kept with females and fed freshly cut leaves (av. 2.1+0.5 Table 5 ) (p<0.024 comparing each male on second vs. third days of the experiment using the Mann Whitney U Test).
Females apparently needed to mate repeatedly to sustain egg production. Female M. j. kept continuously with a male showed a slow, continuous decline in the rate of oviposition over a period of about 60 days (Fig. 3a) . In contrast, when 12 M. j. females which had mated twice (on the seventh and eighth days after they emerged above ground) were caged on potted L. octovalvis plants without access to further males, they ceased to oviposit in about a third of this time (after 20 days), and then resumed oviposition when allowed to mate again by being caged for three days with a male (Fig. 3b) . Each female probably mated at least 5-10 times each during the second mating period (see above). The egg production by nine females was higher during the first 21 days of this second oviposition period (av. 369+104 eggs/female) than in the first 21 days of the first oviposition period (av. 246+103 eggs/female), despite the expectation that egg production would decrease with the female's age ( Fig. 3a ; see also Waloff and Richards 1958), (totals for 8 of the 9 females were greater in the second period-p<0.045 with Signs Test). Reductions in egg production resulted from a combination of lower numbers of females ovipositing (Fig. 3c) , and smaller clutches (Fig. 3d) 
Aggregations of Adults
Adults of both species usually occurred in aggregations which ranged up to more than 5000 individuals on a single plant or several neighboring plants. Usually there were slightly more males than females in an aggregation: in nine aggregations of M. sp. of more than 20 beetles, the ratio of male/female averaged 1.13+0.18 (total of 975 beetles, differ from 1:1 p<0.01); in seven similar aggregations of M. j. the average ratio was 1.27+0.49 (total of 738 beetles, differ from 1:1 p<0.01). This bias was probably not due to the sex ratio at birth, which was slightly skewed toward females (above). In both species most aggregations contained both feeding and mating individuals (e.g. Fig. 2 ). A few aggregations had mainly reproductively inactive beetles, which fed little or not at all; these will be discussed separately.
Feeding Aggregations
In both species it was sometimes possible to "track" a feeding aggregation by locating heavily damaged leaves of G. insignis (M. sp) or a series of partially or completely stripped L. octovalvis plants along a ditch. Some trails of M. sp. damage included both adult damage (Fig. 2) , and damage by larvae to nearby leaves. The longest such trails were >30 m in both species, and included up to 10-20 different plants.
At night the beetles in one mixed species feeding and mating aggregation (Aggregation I) were essentially motionless, apparently immobilized by low temperatures. Many were in pairs, with the male riding on the female's dorsum. In the morning most beetles remained tightly grouped until direct sunlight fell on them, 1993] Eberhard, Achoy, Marin (average >1 m in diameter) , and perhaps to slower rates of feeding. These leaves (especially young ones) were occasionally completely stripped by adults, but more often the aggregation moved on before more than half of the leaf surface had been consumed (Fig. 2) .
Some feeding aggregations apparently consisted largely of newly emerged adults, presumably in the vicinity of their pupation sites. No aggregation of this sort was studied in detail, but some aggregations of both species had few pairs and contained predominantly soft-bodied individuals (recent emergence from under ground was confirmed in one M. sp. aggregation by finding that the males' genitalia were light in color). Aggregation III of M. sp. was probably also reproductively inactive. The beetles did not feed during the three days they were observed (they were on low grass in a pasture), and few if any pairs formed at night (the beetles were piled on each other in some portions of the aggregation, making it impossible to count pairs).
Similar lack of ovarian development was seen in 10 randomly selected females of M. sp. collected 22 Feb. 1992 from Aggregation IV, which was also on grass, with Tabachina plants <10 m away. This aggregation was near the top of a steep ridge on the side of a mountain (Pico Blanco) (the other non-feeding aggregation (III) of M. sp. was also near the top of a ridge.). Aggregation IV was observed over a longer period of time than the others. When first discovered on low grass at the edge of a road (22 Feb. 1992 ) it consisted of an estimated total of 1,000-2,000 M. sp. in several tightly packed clumps. When next seen (18 March), about 30 m from the first site (presumably the same aggregationbeetles were not marked until 20 March), an estimated 3,000-10,000 beetles were dispersed in herbacious growth along 3-4 m on the other side of the road. Observations just before sunset and two nights later showed that the beetles remained dispersed. A total of 300 beetles were marked along about 2 m of the roadside on 20 March, and marked beetles were seen over the next 75 days. Sightings of marked individuals occurred along approximately 60 m of the roadbank. Estimated numbers of beetles ranged from 200-300 to several thousand (at last sighting on 3 June, there were an estimated 1,000-2,000 individuals). These estimated sizes of this aggregation are minima, as the thick vegetation and the possibility that some beetles had moved away from the edge of the road meant many beetles could easily have been missed on any given visit. On the visit following marking (22 March), 9 of 300 beetles counted had marks. Assuming complete mixing, no loss of marks, and no arrivals of unmarked beetles, this ratio gives an estimated total of approximately 10,000 beetles in the aggregation on 20 March. Since marks are often lost (see below), this may be an overestimate, but direct estimates gave approximately the same size.
Aggregation IV lasted at least 97 days. The beetles occurred on a variety of plant species, but were only occasionally seen feeding, on Tabachina longifolia. In none of the first 11 visits were any male-female pairs seen (through 23 April each visit was during the daylight hours except on 20 March). The first pair was seen on 26 April in a group of about 600 individuals. Pairs remained rare until 16 May (four more visits), when there were more than 10 pairs in a group of 200-300 individuals, and on 21 May there were 25 pairs in a group of 85 individuals. Pairs were again relatively rare (<10 pairs among about 1,000 beetles) on 28 May.
Movements of Aggregations
We were unable to understand how the beetles in aggregations (both feeding and non-feeding) coordinated their movements. Some beetles in Aggregations I and III walked from one aggregation site to the next, but most flew. The majority of flights were <1 m. In Aggregation III most flights were in the direction in which the mass of beetles was moving, but this was not true in Aggregation I. Both males and females in Aggregation I also initiated apparent long distance dispersal flights, flying directly upwards and away until they were lost from sight at a distance of at least 7 m. Both males and females occurred on the periphery of aggregations which were on the move. A sample of the periphery of a very large (probably several thousand) feeding aggregation of M. sp. which was moving included 19 males and 29 females. A similar collection on the periphery of the non-feeding Aggregation II (of M. j.) yielded 13 females and 11 males.
The.distances between nightly aggregation sites were 1-2 m for Aggregations I-III. Individual beetles probably travelled much longer distances.
Behavior within a Feeding and Mating Aggregation
There were small differences in the behavior of M. sp. and M. j. in Aggregation I. During nightly checks each beetle's position was classified as "central" (near or in the central mass of beetles where Psyche [Vol. 100 beetles were literally piled on each other), or "peripheral." Both male and female M. sp. were more likely to be in the central group than were individuals of M. j." 78% of 137 male sightings and 81% of 286 female sightings of M. sp. were in the central group; corresponding figures for M. j. were 58% of 487 and 52% of 232 (differences between species p<.001 for both sexes; differences between sexes of the same species not significant p>.4).
Resightings of marked individuals in Aggregation I suggested substantial rates of turnover in membership. For instance, 111 of 118 beetles (94%) had marks after the visit on the evening of 30 June, but only 51 of 90 beetles (57%) found the next night had marks. Averages of the "before and after" percentages were 88+4% before and 57+_21% after, suggesting th.at about 30% of the beetles in the aggregation were new each night. Marks on caged beetles were frequently lost, however. Of 27 beetles marked with multiple dots in the afternoon, 37% had lost at least some of their marks by the evening of the next day. Thus turnover in Aggregation I was probably less than 30%. Nevertheless, substantial changes did occur. For instance at the end of the visit on the evening of 1 July, 78 of the 98 beetles present were marked; at the beginning of the visit the next night, 97 beetles (of 134) had marks. Numbers of beetles varied from night to night by up to 50%, and the relative numbers of the two species also varied, so that what was at first a nearly 50:50 mix came to be dominated by M. j. (Fig. 4) .
Unmarked recruits to this aggregation were more often females than males. In the period 30 June-9 July, 215 (57%) of 377 unmarked beetles found in pairs were females, while during the same period 529 (48.6%) of all sightings of marked beetles in the aggregation were females (p<.001 with Chi Squared Test). This difference may be an underestimate, since the total sightings of males probably underestimates true frequency of males because solitary individuals (some of which were not sexed for lack of marks) probably tended to be males (see below). Unless females either lost their marks much more often than males, or unmarked females failed to pair much more often than marked females, the conclusion is that females joined this aggregation at greater rates than males. 
Pairing
Males frequently rode on females' backs both prior to and following copulation. Riding males courted and attempted intromission at irregular intervals. In the descriptions below, pairing includes all males riding on females.
Cross-specific pairs were less frequent than expected if pairing was random, even when the difference in the tendencies of the two species to be in the central area of the aggregation was taken into account. 
Parisitism by Flies
The sarcophagid Chrysagria alticophaga Lopes and Achoy parasitizes third instar larvae of M. j. (Lopes and Achoy 1986) . In nine different collections of third instar larvae from L. octovalvis in the field, the percentage of parasitism averaged 39_+21%, and undetermined numbers of flies emerged from each of three other collections of larvae from this food plant. In contrast, not a single fly emerged from more than six groups totalling >500 larvae of M. Some of the differences between the behavior of M. sp. and M. j. adults within a feeding aggregation may be related to differences between food plant species. Unmixed aggregations of M. sp. on the very large G. insignis leaves (Fig. 2) usually take many days (probably on the order of a week) to move on to another leaf. On the other hand, aggregations of M. j. on Ludwigia spp. can completely destroy small plants in a day or less, and are thus more often obliged to move on. The greater tendency of M. j. in a mixed aggregation to move away from the center may be related to this difference.
Some non-feeding aggregations, in which females had only weakly developed ovaries and the beetles were not .soft and recently emerged, suggest that both species may undergo reproductive diapause, as occurs in some temperate zone chrysomelids (e.g. Waloff and Richards 1958 Although M. j. and M. sp. are interfertile, producing hybrids which are also fertile (R. Achoy, unpub.), and although cross-specific male-female pairs are common in nature, there are several reasons to believe that the two forms represent distinct species" male genitalia differ in form (Eberhard and Achoy in prep.); an elytral carina is present in females of M. sp. but is less pronounced in those of M. j. (W. Eberhard unpub.); abilities to develop on different species of food plant are different (this study); male-female pairs tend to be conspecific in mixed aggregations (this study); clustering behavior within an aggregation differs (this study); male copulation behavior differs (Eberhard and Kariko in prep.) ; and offspring of females which have mated with both types of males tend to be fathered by the conspecific male (Eberhard and Ugalde in prep.). The beetles' preference for highly disturbed habitats makes it impossible to determine whether or not these species evolved in isolation and have only recently come into contact due to the extensive human modification of their habitats.
SUMMARY
The ranges of two interspecifically fertile species of Macrohaltica beetles overlap in central Costa Rica. Some species of food plant were used by both species, others by only one. The two species differed in their abilities to develop on different food plants. Adults of both beetle species tended to occur in large Psyche [Vol. 100 aggregations. Feeding and mating were common in some aggregations, while in others beetles were in apparent reproductive diapause. Beetles in mixed aggregations tended to pair with conspecifics, but many cross-specific pairs also occurred. Although aggregations moved slowly from one host plant to another, membership within at least some aggregations showed substantial turnover. Other aspects of the beetles' natural history, including oviposition behavior, defensive behavior, development and behavior of immatures, dipterous parasites, and fungal infections of adults are also described.
